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The electrophilic eicosanoids prostaglandins A; or A; impaired
p53-dependent transcription of endogenous genes and exogenous
p53-luciferase reporter plasmids in RKO and HCT 116 colon cancer
cells. Cellular accumulation of genetically wild-type, but transcrip-
tionally silent p53 varied as a function of exposure time and
concentration of prostaglandins A1 and A,. Prostaglandins A1 and
A; induced a conformational change in wild-type p53 that corre-
sponded with its inactivation and its aberrant redistribution from
the cytosol to the nucleus. Derangement of its transcriptional
activity manifested as inhibition of p53-mediated apoptosis by
etoposide, a representative antineoplastic agent. We conclude that
electrophilic eicosanoids impair the role of wild-type p53 as a
guardian of genomic integrity by a process distinct from somatic
mutation or viral oncoprotein binding. This process may pertain to
malignant and premalignant conditions, such as colon carcinoma
and adenoma, which often harbor a genetically wild-type, but
inactive form of p53 tumor suppressor.

I nactivation of the p53 tumor suppressor usually involves
somatic mutation of a p53 allele or binding of viral oncopro-
teins to pS3 protein (1-5). However, several types of malignant
and premalignant tissues (6—10) harbor a genetically wild-type,
but transcriptionally inactive form of p53, often localized in their
cytoplasm. Because the inactivation of wild-type pS53 in these
circumstances does not correspond with its mutation or viral
oncoprotein binding, it must involve an unknown, epigenetic
process. We noticed that investigations on agents affecting
cell-cycle regulation and apoptosis seldom distinguish formally
between p53 independence and p53 inactivation; p53 is tran-
scriptionally “silent” in both contexts. We hypothesized that
certain agents, nominally classified as p53-independent, might
actually inactivate wild-type p53 by a mechanism different from
somatic mutation or oncoprotein binding. Cyclopentenone pros-
taglandin (PG)A; and PGA,, are prominent in this regard
(11-14). We report that colon cancer cells exposed to PGA; or
PGA,; (i) accumulate wild-type p53 in a deranged conformation
that does not translocate normally to the nucleus, (if) lose
p53-dependent transactivation of p21Wai=1/Cip=1 (p21) and p53
reporter plasmids, and (iii) lose susceptibility to apoptosis by
etoposide, a representative p53-dependent antineoplastic agent.
Our results suggest that inactivation of genetically wild-type p53
can occur via a process that is unrelated to its somatic mutation
or sequestration by viral oncoproteins. This third mechanism of
pS3 inactivation may have significance as a risk factor in certain
types of carcinogenesis.

Experimental Procedures

Materials. We used DMEM and McCoy’s 5SA medium and
supplements (GIBCO/BRL); PGA|, PGA,, and PGB, (Cayman
Chemicals, Ann Arbor, MI); etoposide (Sigma); protease inhib-
itor mixture and FuGene-6 transfection reagent (Roche Molec-
ular Biochemicals); enhanced chemiluminescence reagents
(Amersham Pharmacia); luciferase reporter lysis buffer and
reporter detection reagents (Promega); monoclonal antibodies
directed against MDM2 (SMP14) and p53 (DO-1, Pab240);
polyclonal antibodies against p21 (H-164) and p53 (FL-393-G);
horseradish peroxidase-conjugated secondary antibodies; pro-

tein A/G PLUS-Agarose (Santa Cruz Biotechnology); Ac-
DEVD-MCA (Peptides International); a luciferase p53 cis re-
porter construct (p53-Luc, Stratagene); a B-galactosidase ex-
pression vector (pCMVB; CLONTECH); and pC53-SN3 wild-
type and pC53-SCX3 (V143A mutant) p53 constructs (refs. 15
and 16; a kind gift of B. Vogelstein, Johns Hopkins University,
Baltimore).

Cell Culture. We maintained HCT 116 (ATCC CCL-247) cells in
McCoy’s SA medium and RKO cells (Mark Meuth, Institute for
Cancer Studies, University of Sheffield, Sheffield, U.K.) in
DMEM at 37°C in a humidified incubator with 5% CO,. We
supplemented media with 2 mM L-glutamine, 1 mM sodium
pyruvate, 50 units/ml penicillin and streptomycin, and 10%
(vol/vol) FBS.

p53 Transcriptional Activity. We transfected 10° cells per well with
1 pg of pS3-Luc and 50 ng of pCMV B in 3 ul of FuGene-6. After
48 h, we incubated cells for 6 h with vehicle (DMSO), 0-60 uM
PGA; or PGA,, or 50 uM etoposide plus 0-60 uM PGA; or
PGA,. We aspirated media, washed cells with 0.05 M PBS (pH
7.4) at 4°C, and then lysed cells at —70°C in 200 ul of reporter
lysis buffer. We centrifuged the lysate at 20,000 X g for 15 min
at 4°C and quantified luciferase and B-galactosidase activity in
the supernatant fractions. In certain experiments, we measured
the effect of PGB; on p53-Luc reporter activity.

Immunochemical Detection of p53 and p21 Proteins. We incubated
106 cells for 0—6 h at 37°C with 0-60 uM PGA |, PGA,, or DMSO
vehicle. We removed the medium and lysed cells in 50 mM Tris,
pH 7.4/100 mM NaCl/2 mM EDTA with 0.1% SDS/0.1%
deoxycholate/1X complete protease inhibitor mixture. We frac-
tionated equal portions of the total cell lysate from each sample
(10 or 15 pg of protein) by SDS/PAGE. We transferred proteins
to poly(vinylidene difluoride) blocked with 10% (wt/vol) nonfat
dry milk in Tris-buffered saline T [20 mM Tris-HCI, pH 7.5/100
mM sodium chloride/0.5% (vol/vol) Tween 20]. We measured
proteins immunochemically by using primary antibodies directed
against MDM2 (1:200), p53 (1:10,000), and p21 (1:5,000), as well
as horseradish peroxidase-conjugated secondary antibodies
(1:400). We detected antigen—antibody complexes with en-
hanced chemiluminescence reagents. We varied the luminescent
exposure times for the measurement of p53 and p21. Experi-
ments on the kinetics and concentration dependence of p53 and
p21 protein expression use exposure times to optimize the
dynamic range of the signal for each protein independently. In
several experiments, we fractionated cell lysates into nuclear and
cytosolic portions to monitor subcellular localization of p53 (17).
We quantified the total protein content of these fractions
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spectrophotometrically and their p53 content immunochemi-
cally. The nuclear and cytosol fractions typically contained 20%
and 80% of the total protein, respectively.

Immunoprecipitation of p53. We treated RKO and HCT 116 cells
with DMSO, PGA,;, PGA,, PGBy, or etoposide as described
above. We lysed cells in 250 mM sucrose/50 mM Tris, pH
7.4/25 mM KCI/5 mM MgCl,/1 mM EDTA/1X complete
protease inhibitor/2 uM NaF/2 uM sodium orthovanadate.
We sonicated the lysate twice for 5 s at 4°C. After centrifu-
gation at 13,000 X g, we incubated samples containing 200 ug
of total cell lysate for 16 h at 4°C with 1 pg of Pab240, an
antibody that specifically recognizes mutant conformations of
p53 under nondenaturing conditions (18-20), and 20 ul of
protein A/G PLUS-Agarose in 1 ml of PBS with 0.4% Tween
20. We centrifuged the samples at 2,500 X g to isolate the
antigen—antibody immune complexes. We washed the immu-
noprecipitate twice with 1 ml of PBS/0.4% Tween 20. We
fractionated samples by SDS/PAGE as described above and
measured the amount of conformationally mutant p53 in the
immunoprecipitate by hybridization with a separate anti-p53
polyclonal antibody (FL-393).

Caspase-3 Activity. We lysed ~10° cells in 25 mM Hepes, pH 7.5/5
mM EDTA/2 mM DTT/0.1% 3-[(3-cholamidopropyl)dimeth-
ylammonio]-1-propanesulfonate and measured caspase-3 activ-
ity fluorometrically (21).

Gene Expression Profiling. We used TR1zol (GIBCO/BRL) and
Oligotex beads to purify 1 pug of DNase-treated mRNA per
sample for gene expression analysis (22). We prepared cDNA
hybridization probes via reverse transcription of poly(A) RNA
and labeling with dCTP conjugated to fluorescent dyes. The
hybridization probes consist of control cell cDNA labeled with
Cy 5-dCTP and test cell cDNA labeled with Cy 3-dCTP. We
diluted the Cy 3- and Cy 5-cDNA hybridization probes in
buffer containing 10% (wt/vol) dextran sulfate, 50% (vol/vol)
formamide, 0.3 M NaCl, 10 mM Tris (pH 8.0), 1 mM EDTA,
1X Denhardt’s solution, 10 mM DTT, and 0.5 mg/ml nonho-
mologous DNA. We simultaneously hybridized probes from
paired samples against 4,600 separate cDNA deposited on a
microarray slide under a sealed glass coverslip. After hybrid-
ization at 42°C for 36 h in a humidified chamber, we removed
nonbound Cy 5- and Cy 3-labeled cDNA hybridization probes
by washing with 2X SSC (20X SSC: 3 M NaCl/0.3 M sodium
citrate, pH 7)/0.1% SDS at 25°C followed by washing with
0.5X SSC/0.1% SDS at 45°C. We measured fluorescence from
dried microarray slides with a Molecular Dynamics Array
Scanner. Differential gene expression between the two sam-
ples corresponds to relative fluorescence at the respective
emission wavelengths for Cy 5 or Cy 3 at the coordinate on the
microarray that contains a cDNA annotated as a particular
gene. For RKO cells and HCT 116 cells, we analyzed the
following pairs: (i) PGA; versus vehicle, (ii) PGA, versus
vehicle, (iii) etoposide versus vehicle, (iv) PGA; plus etoposide
versus etoposide alone, and (v) PGA; plus etoposide versus
etoposide alone. Expression ratios were quantified by AR-
RAYVISION software, normalized, and analyzed by the cluster
analysis method (23) after selecting the genes that displayed a
=2-fold change in expression in at least half of the microarrays
used in the analysis.

Results

Derangement of the genome usually increases the cellular level
of wild-type p53 tumor suppressor and pS3-dependent transcrip-
tion (1-5, 24). Consistent with this expectation, p53 protein and
two of its transcriptionally regulated proteins, p21 and MDM-2,
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Fig. 1. Inverse relationship between wild-type p53 and p21 expression in
RKO and HCT 116 cells treated with electrophilic PG. (Upper) p53 protein
expression in RKO and HCT 116 cells incubated with 60 M PGA; or PGA; for
0, 1, 3,and 6 h (lanes labeled as times) or with 0, 6, 20, and 60 uM PGA; or PGA;
for 6 h (lanes labeled as concentrations). (Lower) p21 protein expression in the
same experiment. The sample labeled etoposide in each panel depicts a
control response in cells incubated for 6 h with 50 uM etoposide.

increased proportionately in RKO and HCT 116 colon cancer
cells incubated for 6 h with 50 uM etoposide, a topoisomerase
II inhibitor (data not shown). p53 protein also increased in RKO
and HCT 116 cells incubated for 6 h with 60 uM of PGA; or
PGA,; however, in this case, p21 and MDM-2 protein levels did
not increase coordinately. In RKO cells, p53 and MDM-2 rose
2-fold, but p21 levels fell to 14-38% of those of control. In HCT
116 cells, p53 rose 5-fold, but p21 rose only 2-fold, and MDM-2
did not change (data not shown). These results implied that p53
accumulation and transcription were dissociated in cells exposed
to PGA; or PGA..

We confirmed that PGA; and PGA, caused disproportionate
changes in the expression of p53 and p21 protein in RKO and
HCT 116 cells. P53 protein levels rose as a function of time (0-6
h) and concentration of PGA; or PGA, (0-60 uM; Fig. 1 Upper).
In contrast, p21 protein levels fell or remained unchanged as a
function of time and concentration of PGA; or PGA, (Fig. 1
Lower).

Transcription of p21 mRNA also declined in RKO and HCT
116 cells incubated with PGA; or PGA; alone or combined with
50 uM etoposide. Analysis of mRNA expression for 4,600 cDNA
identified 11 genes expressed differentially in cells incubated
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Fig. 2. Gene expression analysis in RKO and HCT 116 cells incubated with
electrophilic PG. The horizontal segments, in duplicate, (left to right) depict
the “cluster”” analysis for RKO cells treated with 50 uM etoposide (Etop) plus
20 uM PGA1, 50 uM etoposide plus 20 uM PGA;, 20 uM PGA, or 20 uM PGA;;
HCT 116 cells treated with 50 uM etoposide plus 20 uM PGA;, 50 uM etoposide
plus 20 uM PGA;, 20 uM PGA+, or 20 uM PGA;; RKO cells treated with 50 uM
etoposide alone; and HCT 116 cells treated with 50 uM etoposide alone. Green
rectangles depict seven genes [proliferating cell nuclear antigen (PCNA), p21,
P2Y5, glutathione peroxidase, and three expressed sequence tags (ESTs)]
whose expression fell by >2-fold in all treatment groups, compared with that
in treatment with etoposide alone. Red rectangles depict four genes [heat-
shock protein (HSP)-70, ubiquitin, and two expressed sequence tags] whose
expression rose by >2-fold in all treatment groups, compared with that in
treatment with etoposide alone. The dendrogram shows that differential
gene expression in samples treated with PGA; or PGA; diverges from gene
expression in samples treated with etoposide alone.

with PGA;, PGA,, PGA; plus etoposide, or PGA; plus etopo-
side, compared with cells incubated with etoposide alone (Fig.
2). Cluster analysis showed that seven genes—including p27,
PCNA, glutathione peroxidase, P2Y5, and three unannotated
cDNA—declined by >50% in cells treated with PGA;, PGA,,
PGA, plus etoposide, or PGA; plus etoposide, compared with
the decline in cells incubated with etoposide alone (Fig. 2). Four
genes—including HSP-70, ubiquitin, and two unannotated
cDNA—rose by >2-fold in cells treated with PGA;, PGA,,
PGA, plus etoposide, or PGA,; plus etoposide, compared with
the rise in cells incubated with etoposide alone (Fig. 2).

Other p53-responsive genes were on the array, including
gadd45 and MDM-2. These genes did not demonstrate a 2-fold
change in mRNA expression in the required number of exper-
imental conditions to fit the gene selection criteria and thus are
not displayed in the analysis. However, gadd45 mRNA declined
by an averaged of 47%, and MDM-2 mRNA declined by an
average of 45% in cells treated with PGA;, PGA,, PGA; plus
etoposide, or PGA; plus etoposide compared with vehicle and
etoposide treatments alone. This result supports the notion that
p53 transcription is impaired in cells incubated with PGA series
cyclopentenones.

The dissociation between the p53 protein levels and p21
transcription implied that RKO and HCT 116 cells exposed to
PGA; or PGA; accumulate wild-type p53 protein that is tran-
scriptionally silent. We substantiated this implication in cells
transfected with a p53-dependent luciferase reporter plasmid.
p53 transactivation fell from its basal level (100%) to 68 = 5%
or 60 = 3% (P < 0.05;n = 4) in RKO cells incubated for 6 h with
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Fig.3. Inactivation of wild-type p53 transcriptional activity in RKO and HCT
116 cells treated with electrophilic PG. PGA; () and PGA; (V) inhibited the
basal transactivation of a p53-Luc reporter in RKO cells (Upper) and HCT 116
cells (Lower). PGA; (A) and PGA; (V) also inhibited etoposide (Etop)-induced
transactivation of a p53-Luc reporter in RKO cells (Upper) and HCT 116 cells
(Lower) with a potency = 20 uM.

60 uM PGA, or A,, respectively (Fig. 3 Upper). Likewise, basal
p53 transactivation (100%) fell to 34 = 6% or 35 = 5% (P < 0.05;
n = 4) in HCT 116 cells treated equivalently (Fig. 3 Lower).
Etoposide, used as a procedural control, increased p53-
dependent transactivation from basal (100%) to 310 * 15% in
RKO cells and to 140 = 10% in HCT 116 cells (Fig. 3).
Consistent with the results from Fig. 2, PGA; and PGA,; each
inhibited the etoposide-induced p53 transcription in a concen-
tration-dependent manner with a potency (ECsp) = 20 uM
(Fig. 3).

Derangement of the genome usually causes a redistribution of
pS3 from the cytosol to the nucleus (1-5, 25, 26). However,
wild-type p53 protein accumulated preferentially in the cytosol
and did not redistribute to the nucleus in RKO cells or HCT 116
cells incubated with PGA; or PGA; (Fig. 4, lanes 1-3). The
nuclear/cytosolic p53 ratio fell from 0.6 to 0.1 or 0.2 in RKO cells
incubated with 20 uM PGA; or PGA,, respectively (Fig. 4 Upper,
lanes 1-3). The nuclear/cytosolic p53 ratio fell from 2.6 to 0.2
or 0.4 in HCT 116 cells treated equivalently (Fig. 4 Lower,
lanes 1-3).

RKO and HCT 116 cells both responded normally when
stimulated with 50 uM etoposide. In HCT 116 cells, the nuclear
content of p53 protein rose, compared with the rise observed
with vehicle control, and the p53 protein redistributed prefer-
entially into the nucleus. The nuclear/cytosolic p53 ratio was 6
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Fig. 4. Subcellular distribution of wild-type p53 in RKO and HCT 116 colon

cancer cells treated with electrophilic PG. Cytosolic and nuclear distribution of
p53 protein in RKO cells (Upper) and HCT 116 cells (Lower) incubated with
DMSO vehicle (lane 1), 20 uM PGA; (lane 2), 20 uM PGA; (lane 3), 50 uM
etoposide (Etop; lane 4), 50 nM etoposide plus 20 uM PGA; (lane 5), or 50 uM
etoposide plus 20 uM PGA; (lane 6). Lanes represent a constant percentage of
total protein from the nuclear and cytosolic fractions of identical samples. The
number below each lane is the nuclear/cytosolic (Nuc/Cyt) ratio estimated by
densitometry.

in HCT 116 cells incubated for 6 h with 50 uM etoposide (Fig.
4 Lower, lane 4 versus lane 1). PGA; and PGA; also impaired
the subcellular redistribution of p53 protein between the
cytosol and nucleus in HCT 116 cells stimulated with etopo-
side, analogous to their direct effect on HCT 116 cells (Fig. 4
Lower, lanes 4—6). The nuclear/cytosolic ratio of p53 protein
fell from 6 in HCT 116 cells treated with etoposide alone to 1
in HCT 116 cells treated with etoposide plus PGA; or PGA,
(Fig. 4 Lower, lanes 4-6).

In RKO cells incubated with etoposide, the nuclear p53 content
also rose, compared with the rise observed with the vehicle control
(Fig. 4 Upper, lanes 4-6). However, the p53 protein did not
accumulate preferentially in the nucleus. Instead, it redistributed
equally between the nucleus and cytosol with a ratio of 1.4 in RKO
cells incubated with for 2 h with 50 uM etoposide (Fig. 4 Upper, lane
4 versus lane 1). PGA; and PGA, had modest effects on the
redistribution of p53 protein in RKO cells stimulated with etopo-
side (Fig. 4 Upper, lanes 4-6). The nuclear/cytosolic ratio of p53
protein fell from 1.4 in RKO cells treated with etoposide to 0.9 or
0.7 in RKO cells treated with etoposide + PGA; or PGA,,
respectively (Fig. 4 Upper, lanes 4-6).

Gene expression profiling and cluster analysis showed that
HSP-70 mRNA expression rose by =4-fold in RKO cells and
=10-fold in HCT 116 cells treated with PGA; or PGA; alone or
combined with etoposide (Fig. 2). The distinctive induction of
HSP-70, the impaired redistribution of p53 between the nucleus
and cytosol, and the impaired transcriptional activity of p53
prompted us to monitor its conformational state. In HCT 116
and RKO cells exposed to PGA; or PGA,, genetically wild-type
pS3 immunoprecipitated with Pab240, an antibody that specif-
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Fig. 5. Conformation of p53 in RKO and HCT 116 cells treated with electro-
philic PG. Immunochemical determination of mutant conformation of p53
from RKO cells (Upper) and HCT 116 cells (Lower) incubated with DMSO
(Vehicle), 20-60 uM PGA; or PGA;, along with controls of cells transfected
with mutant (mt) and wild-type (wt) p53 constructs and 60 uM PGB;. Lanes
represent the relative proportions of mutant conformation p53 immunopre-
cipitated (IP) from the total cell lysate by using Pab240 and detected by
immunoblotting (IB) with FL-393.

ically recognizes mutant conformations of p53 under nondena-
turing conditions (18-20). Pab240 recognizes an epitope in the
central DNA-binding region that is not exposed on wild-type p53
but is exposed in class II conformational mutants of p53. In cells
exposed to PGBy, a related prostanoid with a chemically more
inert cyclopentenone substituent, little pS3 immunoprecipitated
with Pab240 (Fig. 5). We performed additional controls to verify
that Pab240 specifically precipitated p53 in a mutant conforma-
tion. We transfected RKO and HCT 116 cells with 0.5 ug of
pC53-SCX3 encoding mutant pS3 (V143A conformational mu-
tant) or pC53-SN3 encoding wild-type p53. After 16 to 24 h,
Pab240 preferentially immunoprecipitated the mutant form of
p53 from these cells (Fig. 5).

Consistent with impairment of its conformation, its nuclear
localization, and its transcriptional activity, PGA; and PGA; also
impaired p53-dependent apoptosis (ref. 24; Fig. 6). In RKO cells
treated with etoposide plus PGA; or PGA,, caspase-3 activity
rose at rates of 3.5 = 0.8 or 2.8 = 0.5 units/h, respectively, from
0-16 h. These rates were ~50% slower than 7.2 * 0.1 units/h in
RKO cells treated with etoposide alone (P < 0.05). Maximal
caspase-3 activity (24 h) in RKO cells treated with etoposide plus
PGA; or PGA; was 243 = 5 or 275 = 6 pmol/mg/min,
respectively. These values were ~50% lower than 509 = 44
pmol/mg/min in RKO cells treated with etoposide alone (P <
0.05). In HCT 116 cells treated with etoposide plus PGA; or
PGA,, caspase-3 activity rose at initial rates of 3.3 = 1.6 or < 0.5
units/h, respectively. These rates were 35-90% slower than 5 *
1.1 units/h in HCT 116 cells treated with etoposide alone (P <
0.05). Maximal caspase-3 activity in HCT 116 cells treated with
etoposide plus PGA; or PGA, was 204 = 12 or 222 = 7
pmol/mg/min, respectively. These values were 35-40% lower
than 369 = 35 pmol/mg/min in HCT 116 cells treated with
etoposide alone (P < 0.05).

Moos et al.
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Fig. 6. Impairment of p53-mediated apoptosis in RKO and HCT 116 cells
treated with electrophilic PG. Caspase-3 activity increased in RKO cells (Upper)
and HCT 116 cells (Lower) incubated with 50 uM etoposide (Etop; ®) for 0-24
h. In cells treated with 50 uM etoposide plus 20 uM PGA; (A) or plus 20 uM
PGA; (V), the rate and maximal extent of caspase-3 activation fell compared
with etoposide alone (®). The time course for caspase-3 activity was similar
among cells treated with DMSO vehicle control, 20 uM PGA; (»), or 20 uM
PGA; (V) alone.

Discussion

We conclude that PGA; and PGA;, acting as electrophiles ()
alter the conformation of wild-type p53, (if) cause cellular
accumulation of p53, (iii) derange the transcriptional function
and spatial distribution of p53, and (iv) ultimately impair
p53-mediated apoptosis. It is improbable that PGA; and PGA,
alter the genotype of p53 in our experiments. Thus, they must
alter the conformation of p53 by an epigenetic process. There
are two plausible mechanisms. First, PGA; and PGA; can
conjugate with glutathione (27-29). Partial depletion of cel-
lular glutathione correlates with a rise in the steady-state levels
of intermolecular or intramolecular disulfide bonds (30) and
subsequent changes in the native conformation of proteins
with vulnerable sulfhydryl groups. Alternatively, PGA; and
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PGA, can react directly with nucleophilic substituents on
proteins (28, 31, 32). Such reactions, too, could derange the
conformation of a genetically wild-type p53 protein. We note
that oxidizing agents can also derange the conformation and
function of p53 (33-35). It is established that HSP-70 associ-
ates readily with genetically mutant p53 proteins, precisely
because these proteins have abnormal conformations (36-40).
The robust induction of HSP-70 in our experiments is consis-
tent with the accumulation of conformationally abnormal p53,
as well as other proteins, in cells. Our model integrates isolated
observations on PGA; and HSP-70 induction (41, 42) into a
self-consistent, biologically relevant scheme.

We propose that electrophilic eicosanoids, typified by but not
restricted to PGA; and PGA,, may contribute in part to the
cytosolic segregation and inactivation of p53 reported in inflam-
matory breast cancer (6), neuroblastoma (7, 8), colon adeno-
carcinoma (9), and colon adenoma (10). It is debatable whether
PGA; or PGA, occurs at micromolar concentration in vivo.
However, colon adenocarcinoma, adenoma, and inflammatory
conditions are all associated with overexpression of cyclooxy-
genase isoenzymes (43-45) and with conditions favoring spon-
taneous dehydration of PGE, into PGA, (46-50). Thus, cells
might persistently encounter steady-state concentrations of PGA
that recapitulate the processes we describe. Formation of iso-
PGs from radical-catalyzed rearrangement of arachidonic acid is
also favored by inflammation and cyclooxygenase overexpres-
sion. Chen et al. (51) recently detected iso-PGA; in vivo. Even
if PGA; or PGA, were minor participants in the epigenetic
inactivation of p53 in vivo, chemical principles mandate that
other compounds with electrophilic «,B-unsaturated ketone
substituents should behave like the A series PGs. Accordingly,
A12-PGJ; also inhibited pS3-dependent transactivation, induced
HSP-70 expression, and sequestered p53 in the cytosol of RKO
and HCT 116 cells (data not shown). Importantly, PGB;, which
has a more inert a,B-unsaturated ketone, did not alter p53
protein conformation, expression, or transactivation. This result
agrees with the original report showing that the chemical
reactivity of the «,B-unsaturated ketone governs the antiprolif-
erative effect of cyclopentenone PG (52).

Our model may apply to electrophiles other than eicosanoids.
For example, paradoxical effects of benzo[g]chrysene 11,12-
dihydrodiol 13,14-epoxide on p53 and p21 expression in MCF-7
cells (53) fit into the framework we propose. Somatic mutation
of p53 is usually considered a late event in oncogenesis. Inacti-
vation of p53 by chemically reactive electrophiles offers a basis
for its involvement earlier in oncogenesis. If exposure of cells to
electrophiles inactivated p53 by the process we describe, it might
cause lapses in the maintenance of genomic and chromosomal
integrity. These lapses could facilitate conversion of cells to a
mutator phenotype (54).
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